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CHAPTER I 
INTRODUCTION 
When an organism has learned the same conditioned 
response to each of several s~ilar st~uli, extinction of 
the response to one of the stimuli may result in a weaken• 
ing of the response to the others; this behavioral phenome-
non is called generalization of extinction. The magnitude 
of the effect expressed as a function of the degree of dis-
similarity between the stimulus being tested and the stimu-
lus to which the response was extinguished is referred to as 
a gradient of extinction. The experimental data have given 
rise to a corresponding theoretical concept, generalization 
of inhibition, which has been used extensively, in conjunc-
tion with the concept of generalization of excitation,1 in 
explanatory discussions of more complex kinds of behavior, 
such as discrimination learning (e.g., Hull2 ) and transposi-
tion phenomena (e.g., Spence3). 
1 The concept of generalization of excitation is based 
upon experimental studies showing that when a response is con-
ditioned to one stimulus, other stimuli may also elicit the 
response. The behavioral phenomenon is called generalization 
of acquisition. 
2c. L. Hull, A Behavior System. New Haven: Yale Uni-
versity Press, 1952. 
3K. w. Spence, The differential response in animals 
2. 
Despite the importance of the concept of generaliza-
tion of inhibition, the experimental literature supporting 
it is still not extensive. Studies in which generalization 
of extinction and gradients of extinction have been demon-
strated are summarized briefly below. 
Pavlov4 cites results of several investigators demon-
strating generalization gradients of extinction effects. 
The effects of extinction were shown to decrease as the dif-
ference between the test stimulus and the directly extin-
guished stimulus increased. In one of these early classical 
conditioning experiments in Pavlov's laboratory, reported 
more fully elsewhere, Anrep5 obtained gradients for a 
tactile stimulus along a spatial dimension, using the sali-
vary response to food in dogs as the conditioned response. 
In a later experiment, Bass and Hu116 obtained similar data 
for a tactile stimulus, employing the galvanic skin response 
in humans. Using more precise experimental techniques, 
to stimuli varying within a single dimension. Psychol. Rev., 
1937, 44, 430-444. 
4I. P. Pavlov, Conditioned Reflexes. (Trans. by G. v. 
Anrep) London: Oxford University Press, 1927. 
5a. v. Anrep, The irradiation of conditioned reflexes, 
Proc. Roy. Soc., 1923, 94 B, 404-425. 
~. J. Bass and c. L. Hull, The irradiation of a tac-
tile conditioned reflex in man, J. comp. Psychol., 1934, 17, 
47-65. 
Hovland7 conditioned the galvanic skin response in humans to 
four tones separated by equal j.n.d. frequency intervals (de-
termined in a preliminary series of psychophysical experi-
ments), and obtained a gradient of extinction, after extin-
guishing a tone at one extreme of the series for each subject. 
The results of extinguishing tones at the two extremes were 
pooled in a single generalization gradient. Hull8 used 
Hovland's data as the basis for his assumption that the gen• 
eralization gradient of inhibition is a negative growth curve. 
Gradients of extinction along a specified stimulus con-
tinuum for instrumental responses were not obtained until 
fairly recently, although early studies of Youtz9 and Ellson10 
had shown that extinction of one bar-pressing response would 
decrease the number of nonreinforced responses necessary to 
extinguish a second similar bar-pressing response. 
7c. I. Hovland, The generalization of conditioned re-
sponses: I. The sensory generalization of conditioned re-
sponses with varying frequencies of tone, J. genet. Psychol., 
1937, 17, 125-148. 
8c. L. Hull, Essentials of Behavior. New Haven: Yale 
University Press, 1951. 
9R. E. P. Youtz, The weakening of one Thorndikian re-
sponse following the extinction of another, J. exp. Psychol., 
1939, 24. 294-304. 
10n. G. Ellson, Quantitative studies of the interaction 
of simple habits. I. Recovery from specific and generalized 
effects of extinction, J. exp. Psychol., 1938, 23, 339-358. 
A recent study by Honig11 demonstrates gradients of 
extinction of the pecking response in pigeons to light 
varied along the spectral continuum. The animals were 
trained with variable interval reinforcement to all points 
to be tested, and all animals were tested at all points 
after extinction at one point in the center of the stimulus 
range. The gradients obtained were symmetrical; instead of 
approximating a negative growth function, they were flatter 
near the stimulus value at which the initial extinction was 
given than at more remote values. Honig suggests that the 
gradients obtained in his own and other studies do not rep-
resent primary gradients of extinction and that indeed 
there exists no primary gradient of extinction comparable 
to the gradient of acquisition. This view is based largely 
on the results of a study by Honig et a1.12 in which pigeons 
were trained at one stimulus value and extinguished at a 
different value; the extinction training was found to de· 
press the entire generalization gradient of acquisition 
without changing its shape. 
Particularly relevant for the present study are 
11 . W. K. Honig, Generalization of extinction on the 
spectral continuum, Psychol. Rec., 1961, 11, 269-278. 
12 w. K. Honig, D. R. Thomas, and N. Guttman, Differen-
tial effects of continuous extinction and discrimination 
training on the generalization gradient, J. exp. Psychol., 
1959, 58, 145-152. 
5. 
experiments by Thompson13 and Kling. 14 Thompson obtained 
gradients along the dimension of circle size, using an ap-
proach response. Gradients were obtained for both ascending 
and descending series of four stimulus values, ranging from 
20 cm2 to 79 cm2 in area and separated by equal logarithmic 
intervals, with latency as the response measure. Both gradi• 
ents fell steeply and approximated a negative growth func-
tion. In Thompson's study each animal was trained on all 
four points, and after the initial extinction at one of the 
end-points, each animal was tested on all four points. 
Later Kling15 obtained gradients somewhat similar in 
for.m for the same points along the circle-size dimension, 
again using an approach response. Kling's gradients, however, 
fell less steeply, and the curve for the descending stimulus 
series showed a slight initial rise. Kling suggests an inter-
pretation for the asymmetry of his gradients in terms of 
stimulus-intensity dynamism, an interpretation based on 
Hull•s16 theoretical formulations. 
13M. E. Thompson, The generalization of inhibition to 
stimuli varying in the visual size dimension, Amer. Psycholo-
gist, 1950, 5, 253-254. (Abstract) 
14J. w. Kling, Generalization of extinction of an in-
strumental response to stimuli varying in the size dimension, 
J. exp. Psychol., 1952, 44, 339-346. 
l5Ibid. 
16c. L. Hull, Stimulus intensity dynamism (V) and 
stimulus generalization, Psychol. Rev., 1949, 56, 67·76. 
6. 
Although Kling's study explored four points on the 
circle-size dimension, each animal was trained on only two 
points, and then extinguished on one and tested on the other. 
During extinction, to maintain running behavior, a black 
square was presented on half of the trials, and the response 
to the black square was always rewarded. Thus the procedure 
included discrimination training, although not on the dimension 
being tested. 
The present study is similar to the experiments of 
Thompson and of Kling, differing from Thompson's primarily in 
that each animal is tested on only one point of the· circle-
size continuum, and fro.m Kling's in that no rewarded trials 
are introduced during the extinction training series. 
It seems preferable to test each animal on only one 
point in order to avoid confounding the effects of generali• 
zation to a given stimulus with the effects of nonreinforce• 
ment of other test stimuli. It would also seem preferable to 
avoid rewarded trials during the extinction series if possible. 
While it is true that the black square utilized by Kling as 
the reinforced stimulus during extinction was not on the 
circle-size continuum along which the generalization gradients 
were obtained, there is now evidence that such discrimination 
training can affect the slope of generalization gradients of 
acquisition. Reinhold and Perkins17 found that training rats 
17n. B. Reinhold and c. c. Perkins, Jr., Stimulus 
to discriminate between rough and smooth surfaces in a run-
way sharpened the gradient of generalization along a color 
dimension. Perkins et a1.18 trained rats to discriminate be-
tween different levels of illumination in a modified Skinner 
box and found a positive relationship between the difficulty 
of the discrimination and the steepness of the generaliza-
tion gradient when the positive stimulus was subsequently 
changed along an auditory dimension. Jenkins and Harrison19 
found that training pigeons to respond differently to pres-
ence of tone and absence of tone greatly steepened generaliza-
tion gradients along the dimension of frequency. 
Moreover, differential training between a white circle 
and a black square might possibly have some of the effect of 
differential training on the dimension of circle size. Be-
cause the runway is black and the circles are white, both the 
total light flux from the stimulus circle and the average 
brightness of the response end of the runway are greater for 
larger than for smaller circles; thus the size dimension is 
generalization following different methods of training, J. 
exp. Psychol., 1955, 49, 423•427• --
18 c. c. Perkins, Jr., w. A. Hershberger, and R. G. 
Weyant, Difficulty of a discrimination as a determiner of 
subsequent generalization along another dimension, J. exp. 
Psychol., 1959, 57, 181-186. 
19 H. M. Jenkins and R. H. Harrison, Effect of dis-
crimination training on auditory generalization, J. exp. 
Psychol., 1960, 59, 246-253. 
8. 
also an intensity dimension. A black stimulus of any shape 
might function as an end-point on the intensity dimension, 
thus possibly affecting the symmetry as well as the shape 
of the gradients. 
The present study was undertaken to add to the exist-
ing knowledge of empirical gradients of extinction and of 
the conditions under which they may be obtained. It is 
felt that by avoiding the complicating factors mentioned 
above, the study will supplement the information already 
available concerning extinction gradients on the circle-size 
dimension. 
9. 
CHAPTER II 
EXPERIMENTAL METHOD 
Subjects 
The subjects were 78 albino rats of the Sprague-
Dawley strain, obtained from the Holtzman Company and the 
Charles River Breeding Laboratories; 9 of these animals 
were discarded during the experiment, as noted below. The 
ages of the animals ranged from 80 to 120 days at the be• 
ginning of the experiment. 
Apparatus 
The apparatus, similar to that described by Grice; 
was a two-compartment runway, painted black, with a white 
circular stimulus at one end. The floor plan drawn to scale 
is shown in Figure 1. The runway was 22 in. long, 5 in. wide, 
and 6 in. high, with vertically sliding doors, one at the 
center and one at each end. The runway could be swiveled 
between trials so that the response compartment on one trial 
became the starting compartment on the next trial. Each 
1R. G. Grice, Visual discrimination learning with 
simultaneous and successive presentation of stimuli, J. comE• 
Ehysiol. Psycho!., 1949, 42, 365-373. 
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compartment was fitted with a removable clear plastic cover. 
Each stimulus circle was mounted in a separate compartment, 
2 1/8 in. in depth, which could be slid back to allow rota-
tion of the runway or removed altogether to allow a change of 
stimulus. The stimulus was mounted on a 2-in. bracket so 
that when the stimulus compartment was in place for a trial, 
the stimulus was almost flush with the end of the runway. 
Each stimulus compartment was equipped with a removable wooden 
barrier which fitted just behind the stimulus and prevented 
the animal from exploring behind the stimulus. The barrier 
was used only during pretraining and early training trials. 
The stimuli, shown drawn to scale in Figure 1, were 
three disks cut from 3/32-in.aluminum and painted white. 
Their areas were 20, 40, and 79 sq. em. respectively, repre-
senting approximately equal logarithmic steps. Each circle 
was mounted with center equidistant from the floor, top, and 
side walls of the runway. In the center of each stimulus 
was a 1-sq.-in. response door, hinged at the top, counter-
weighted, and opening on a food cup. 
The apparatus was wired to a chronoscope in such a way 
that when the experimenter opened the center door the clock 
was started, and when the animal nosed the response door open 
the clock was stopped. Two ten-watt incandescent light bulbs 
provided all of the light in the experimental room; each was 
12. 
mounted 8 in. from the end of one sector of the runway, and 
14 in. above the floor. The walls of the room were painted 
black. 
Procedure 
The experimental procedure was carried out in four 
stages: 1) preliminary training, in which the animals were 
habituated to the runway and learned to eat pellets from the 
food cup; 2) reinforcement training, in which the animals were 
given equal training to all of the stimuli used in the experi-
ment; 3) extinction training, in which each animal was given a 
series of nonreinforced trials on one of the stimuli; and 4) 
generalization test, in which each animal was given a series of 
test trials to one of the stimuli. 
Preliminary Training 
All animals were on a food schedule for at least seven 
days before training began. During this time they were handled 
briefly each day by the experimenter. The schedule consisted 
of one hour and fifteen minutes of feeding on Purina Laboratory 
Chow each day just following the training period. The prelimi-
nary training was as follows: 
Day 1. At the time of regular feeding the animal was 
placed in a dimly-lighted black box and allowed to eat food 
pellets from the floor for a period of 30 min. (The pellets 
13. 
used in pretraining and training were purchased from the 
P. J. Noyes Company and weighed .094 gm. each.) He was then 
placed in his regular feeding stall and allowed to eat for 
45 min. before being returned to the home cage. 
Day 2. The animal was placed in the response compart• 
ment of the runway and was allowed to eat food pellets, one at 
a time, from the food cup, with the response door open. After 
the animal seized a pellet, the end door was lowered in front 
of the stimulus while the experimenter changed the stimulus, 
if a change was scheduled, and placed the next pellet in the 
food cup. After the animal received 9 food pellets, 3 for 
each stimulus, he was removed from the runway and placed in a 
cage in the experimental room for approximately 15 min. The 
runway was then rotated and the animal was again placed in the 
response compartment and allowed to eat 9 more pellets. The 
The stimuli were presented in the following order for each 
animal: MLLSSLMMS (15-min. break) SMMLSSLLM (where 11L11 indi• 
cates the largest, i.e., the 79-cm.2 stimulus, 11M1 11 the middle, 
or 40-cm.2 stimulus, and •s," the smallest, or 20-cm2 stimulus). 
One animal failed to complete this phase of pretrain-
ing and was discarded. 
Day 3. The animal was fed 9 pellets, the first one 
under the conditions described for Day 2. After the first 
pellet was eaten, the runway was rotated. As soon as the 
animal faced the center door, the door was raised and the 
animal was allowed to proceed to the response end of the run-
way and obtain a second pellet from the food cup. Succeeding 
pretraining trials were similar to the second one, except 
that on the third trial the response door was lowered slightly, 
and on eaoh succeeding trial was lowered further until on the 
ninth trial the door was almost completely closed. The stimuli 
for the 9 trials were presented in the following order: 
SLLMSSLMM. 
Two animals failed to complete this phase of pretrain-
ing and were discarded. 
Reinforcement Training 
Day 1. The first day of training was a continuation of 
the last day of pretraining. Immediately following the last 
pretraining trial, the animal was given 3 reinforced trials, 
one to each stimulus. The training trials were similar to the 
final pretraining trials, except that the response door was 
completely closed before each training trial, and the experi-
menter recorded the latency (time between the opening of the 
center door by the experimenter and opening of the response 
door by the animal) for each trial. The stimuli were presented 
in the following order: LSM. 
The interval between trials, throughout the experiment, 
was the time required by the experimenter to get ready for the 
next trial. This time was less than one minute for all trials. 
Day 2. The animal was given 12 reinforced trials, four 
for each stimulus, in the following order: MLSLLMMSLSSM. 
During pretraining and through the first three training tri-
als on Day 2, the wooden barriers were in place in the stimu-
lus compartment to prevent the animal from exploring behind 
the stimulus. After the third trial on Day 2, the barriers 
were removed and were not used further during the experiment. 
One animal stopped responding on Day 2 and was dis-
carded. 
Day 3. The animal was given 12 reinforced trials, 
four for each stimulus, in the following order : MSSLSMMLLSLM. 
One animal continually wedged himself behind the 
stimulus after responding and was discarded on Day 3. 
Day 4. The animal was given three reinforced trials, 
one to each stimulus. The order of stimulus presentation was 
varied from animal to animal in such a way that at the end of 
the experiment all six permutations had approximately equal 
representation in each group of animals in the experiment. 
An animal was considered adequately trained if he re-
sponded in less than 10 sec. on each of the three final train-
ing trials. Two animals failed to meet this criterion and 
were discarded. 
Extinction Training 
Extinction training was given immediately after the 
16. 
last three reinforcement training trials. For this phase of 
the experiment, each animal was assigned at random to one of 
three groups; exclusive of the two discards noted below, the 
groups consisted of: 27 animals given extinction training on 
the 20-am2 stimulus; 30 animals given extinction training on 
the 79-om2 stimulus, and 12 animals given extinction training 
on the 40-om2 stimulus. 
Extinction trials were similar to reinforcement train-
ing trials except that on the extinction trials there was no 
food in the cup and the response door was locked so that it 
would open only 1/8 inch. If an animal failed to respond 
within 60 sec. he was given a score of "no response," and the 
experimenter proceeded to the next trial. 
Each animal was given 10 extinction training trials. 
Generalization Test 
The generalization test series of extinction trials 
immediately followed the extinction training series. For the 
test series, the animals were assigned to groups as follows: 
The animals previously extinguished on the 20-om2 stimulus 
were divided into three groups: 9 animals tested on the 20-om2 
stimulus (to be referred to as Group 20•20) 1 9 animals tested 
on the 40-om2 stimulus (Group 20-40), and 9 animals (after one 
was discarded as noted below) tested on the 79-om2 stimulus 
(Group 20-79). The animals previously extinguished on the 
79-cm2 stimulus were also divided into three groups: 11 ani-
mals tested on the 79-cm2 stimulus (Group 79-79), 10 animals 
tested on the 40-cm2 stimulus (Group 79-40), and 9 animals 
(after one was discarded as noted below) tested on the 20-cm2 
stimulus (Group 79-20). All 12 animals previously extinguished 
on the 40-cm2 stimulus were also tested on the 40-cm2 stimulus 
(Group 40-40). Assignment to these groups was random for the 
first few animals, but later the experimenter attempted to 
keep the groups roughly even with respect to latencies at the 
end of the extinction training series. 
Each animal was given 20 test extinction trials. These 
were conducted in the same way·as the extinction training tri-
als described above. 
Two animals climbed behind the stimulus on the first 
few test trials and were discarded. One of these animals be-
longed to Group 20-79; the other, to Group 79-20. Five ani-
mals developed a pattern of climbing behind the stimulus or 
chewing the electrical wiring behind the stimulus late in the 
test series. These animals were retained in the experiment 
but were not included with respect to the one measure of re-
sponse that involved the later trials, i.e., Total Number of 
Responses (see below). They were distributed among the groups 
as follows: one animal in Group 79-79, one animal in Group 20-20, 
one animal in Group 20-40, and two animals in Group 40-40. 
18. 
Response Measures 
The data obtained during the test trials were analyzed 
in terms of three response measures: 
1. Latency: The time between opening of the center 
door by the experimenter and opening of the response door by 
the animal was measured for each trial. The median latency or 
the first three test trials was used as the latency score for 
each animal. The early trials have the greatest significance 
for the generalization gradient, since they are relatively un-
complicated by the effects of extinction at the test point; the 
median of the first three was used to reduce the variability of 
the data. This score was presented in terms of the reciprocal 
so that it would be comparable with other response measures. 
2. Number of Responses in 60 Seconds: This score was 
arrived at by adding the latencies for successive trials, be-
ginning with the first, until the total of 60 sec. was reached. 
3. Total Number of Responses: Since there was a 60-sec. 
time limit for each trial, the animals did not in general re-
spond on every trial. The number of responses made during the 
twenty test trials was recorded for each animal. 
19. 
CHAPTER III 
RESULTS 
The gradients of extinction obtained and statistical 
analyses of the data will be presented separately for each of 
the three me~sures of response strength employed in the study, 
i.e., latency, number of responses in 60 seconds, and total 
number of responses. 
Latencz 
The reciprocal of the median latency for the first three 
trials of the test extinction series, times 1000, was used as 
a measure of running speed to the test stimulus. Table I shows 
the median of the test scores for each group. 1 These results 
are plotted in Fig. 2 to demonstrate the two gradients of gen-
eralization of extinction obtained: a gradient of generaliza-
tion from the 20•cm2 stimulus to larger stimuli (to be referred 
to as the ascending gradient), and a gradient of generalization 
from the 79-cm2 stimulus to smaller stimuli (to be referred to 
as the descending gradient). A separate point indicates the 
median for the group given extinction training and test on the 
40•cm2 stimulus. It may be noted that the ascending gradient 
is steep and nearly linear, while the descending gradient is 
1Test scores for individual Ss are shown in Table A of 
the Appendix. 
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TABLE I 
The Median Reciprocal of the Median Latency of the First 
Three Generalization Test Trials, Times 1000 
~-
Group 
20-20 
20-40 
20-79 
79-79 
79-40 
79-20 
N 
9 
9 
9 
11 
10 
9 
12 
1000 x 1 / Latency 
8.~~ 
66 
142 
24 
51 
33 
22 
This figure is indeterminate, but falls within the 
range 0-17 (based on a median latency of 60 sec.+). 
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AREA OF TEST STIMULUS IN SQ. CM. 
Fig. 2. Generalization gradients of extinction showing 
the reciprocal of the median latency of the first three test 
trials, times 1000, as a function of stimulus area. Each 
point indicates the median score for the group. 
*This point is indeterminate, but falls within the range 
0-17 (based on a median latency of 60 sec.+). 
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flatter and shows a reversal between the 40-cm2 stimulus and 
the 20-cm2 stimulus. 
Since a number of the animals were not responding 
within the 60-sec. time limit at the beginning of the test ex-
tinction series (about one-third of the animals had median 
scores of "no response," i.e., 60 sec.+, for the first three 
trials), it was felt that a parametric analysis was not feas-
ible. A nonparametric test, the Kruskal-Wallis analysis of 
variance by ranks, 2 was used in analyzing these data. Differ-
ences among groups given extinction training on the 20-cm2 · 
stimulus are significant (H = 9.24, df = 2, p < • Ol). The 
Mann-Whitney U test3 was applied to each pair of these groups. 
The results, summarized in Table II, indicate that while the 
differences between groups tested on adjacent stimuli are not 
significant, the difference between the groups tested at the 
two extremes of the scale is significant. Thus the over-all 
rise in the ascending gradient shown in Fig. 2 is significant. 
On the other hand, statistical significance was not demon-
strated for the differences among points on the descending 
gradient in Fig. 2 (H = 2.61, df = 2, p >•20). 
The reciprocal of the median latency for the last three 
trials of the extinction training series, times 1000, was used 
2s. Siegel, Non~arametric Statistics for the Behavioral 
Sciences. New York: Me raw-Hill, 1956. 
3Ibid. 
TABLE II 
Mann-Whitney U Tests for the Median Latency of the 
First Three Generalization Test Trials 
Groups Compared 
20-20 and 20-40 
20-40 and 20-79 
20-20 and 20-79 
u 
21.0 
25.5 
8.0 
p (two-tailed) 
23. 
as a measure of performance immediately preceding the test 
trials. Table III shows the median of these scores for each 
group. The Kruskal•Wallis analysis of variance was used for 
these data also, again because a number of animals were not 
responding within the time limit. It was found that differ-
ences were not significant, either among groups given extinc-
tion training on the 20-cm2 stimulus (H = 0.03, df = 2 1 
p ~ .98), or among groups given extinction training on the 
79•cm2 stimulus (H = 0.92, df = 2 1 p > .95). Since no signif-
icant differences were found among the groups at the end of 
extinction training, it seems reasonable to assume that the 
significant differences at the start of the test extinction 
series are due to generalization effects. However, it is pos-
sible that differences could be due to differential effects 
of stimulus size apart from generalization. For evidence on 
this point, the groups given extinction training and test on 
the same stimulus, i.e., Groups 20-20, 40-40, and 79-79, were 
compared with respect to latency scores at the beginning of 
the test extinction series. Differences among them were not 
significant (H = 1.10, df = 2, p >.5o). 
While performance on the acquisition trials is less 
important, as a control, than performance on the trials im-
mediately preceding the test trials, it is of interest to 
know whether performance at the end of reinforcement training 
was the same for all groups and for all stimulus sizes. The 
TABLE III 
The Median Reciprocal of the Median Latency of 
the Last Three Extinction Training Trials, 
Times 1000 
Group N 1000 X 1 / Latency 
20-20 9 47 
20-40 9 52 
20-79 9 40 
79-79 11 41 
79-40 10 52 
79-20 9 36 
40-40 12 38 
26. 
latency of the last reinforced response to each stimulus was 
used as the measure of the animals' performance at the end of 
reinforcement training. The means and standard deviations for 
each group are shown in Table IV. Because Bartlett's test 
indicated significant differences among the variances, the log 
transformation was used to make the variances more homogeneous. 
Bartlett's test supported the assumption of homogeneity of the 
variances of the transformed scores, and an analysis of vari-
ance was carried out. The analysis is summarized in Table v. 
Since none of the values of F is significant at the 5% level, 
the null hypothesis may be accepted for the differences among 
groups and among stimuli, and for the interaction between 
groups and stimuli. It is concluded that the groups were equal 
with respect to running speed at the end of reinforcement train-
ing, and that running speed was not affected by the size of the 
stimulus. 
Number of Responses in 60 Seconds 
The number of responses made during the first 60 sec. 
of test trial time was used as another measure of response 
strength to the generalized stimulus. The mean and standard 
deviation for each group is shown in Table VI.4 The means 
are plotted in Fig. 3 to show ascending and descending gradi-
ents; these are similar in shape to the gradients obtained 
4scores for individual Ss are shown in Table B of the 
Appendix. 
TABLE IV 
The Mean and Standard Deviation of the Final Rein• 
forcement Training Trial Latency in Seconds for 
Each Stimulus Value 
Group N Area of Reinforcement Training Stimulus in 
Sq. em 
20 40 79 
Mean s Mean s Mean s 
20-20 9 2.38 1.14 2.68 0.79 3.74 2.79 
20-40 9 2.53 0.55 3.55 2.28 ).91 2.35 
20-79 9 2.64 1.24 2.51 0.98 3.40 1.23 
79-79 11 3.12 1.86 2.87 1.40 2.49 0.76 
79 ... 4.0 10 3.22 1.85 3.60 2.15 3.06 1.40 
79-20 9 3.20 1.17 3.01 1.02 3.09 1.30 
40-40 12 3.71 2.33 3.18 1.43 3.78 1.39 
TABLE V 
Analysis of Variance of the Log Latency of the 
Final Reinforcement Training Trial for Each 
Stimulus Value 
Source df MS F 
Total 
among cells 20 
among stimuli 2 3.870 1.621 
among groups 6 4.385 o.594 
Interaction: 
stimuli x groups 12 2.276 0.953 
Total 
within cells 186 
among subjects 
in same group 62 7.376 
Interaction: 
pooled stimuli 
x subjects 124 2.387 
Total 206 
28 .. 
TABLE VI 
The Mean and Standard Deviation of the Number of Re-
sponses in the First 60 Seconds of Running Time in 
the Test Extinction Series of Trials 
Group N Mean s 
20 ... 20 9 1.44 1.33 
20-40 9 2.78 2.17 
20-79 9 4-44 2.60 
79-79 11 1.00 1.61 
79-40 10 2.90 2.02 
79-20 9 1.78 1.39 
40-40 12 1.08 1.38 
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31. 
for the latency measure (see Fig. 2). 
Since the data were skewed~ with a number of zero 
scores~ and the variances tended to be correlated with the 
means~ a transformation~{;[+ fX+I~ was used to normalize 
the data. Analyses of variance were carried out on the 
transformed scores. Differences among groups were found to 
be significant both for the ascending gradient (F = 4.06~ 
df = 2 and 24~ p < .05) and the descending gradient (F = 4.77~ 
df = 2 and 27~ p < .05). Results of t tests between pairs of 
points are shown in Table VII. For the ascending gradient~ 
differences between pairs of adjacent points are not signifi-
cant~ but the difference between the two points at the ex-
tremes of the scale is significant; thus the over-all rise 
of the gradient is significant' For the descending gradient~ 
only the difference between the first pair of adjacent points 
is significant; neither the over-all rise of the gradient nor 
the reversal between the 40•cm2 stimulus and the 20-cm2 
stimulus is significant. 
A comparable measure for response strength just preced-
ing the test is the number of responses made during the last 
60 sec. of trial time in the extinction training series. The 
mean and standard deviation for each group is shown in 
Table VIII. For these results also the transformation 
{)[ + !:k+l was used to normalize the data~ and analyses of 
variance were carried out on the transformed scores. 
TABLE VII 
t Tests for the Number of Responses in 60 Seconds 
of Running Time in the Test Extinction Series 
of Trials 
Groups Compared t p (two-tailed) 
20-20 and 40-40 1.23 > .05 
20-40 and 20•79 1.61 > .05 
20-20 and 20-79 2.84 < .02 
79-79 and 79-40 3.09 < .01 
79-40 and 79-20 1.47 > .os 
79-79 and 79-20 1.50 :> .05 
32. 
TABLE VIII 
The Mean and Standard Deviation of the Number of Re-
sponses in the Last 60 Seconds of Running Time in 
the Extinction Training Series of Trials 
Group N Mean s 
20-20 9 1.56 3.21 
20-40 9 3.67 3-57 
20-79 9 3.22 3.96 
79-79 11 2.36 3.33 
79-40 10 3.40 4.22 
79•20 9 1.78 2.28 
40-40 12 2.42 3.32 
3}. 
Differences were not significant either among the groups 
given extinction training on the 20-cm2 stimulus (F = 1.50, 
df = 2 and 24, p > .05) or among the groups trained on the 
79"cm2 stimulus (F < 1). Similarly, the null hypothesis was 
accepted for differences in performance among Groups 20-20, 
40-40, and 79-79 at the beginning of the test series (F < 1). 
It seems reasonable to assume, then, that the significant dif• 
ferences found among the points shown in Fig. 3 are due to 
generalization effects, rather than to differences in per-
formance level among the groups or differential effects of 
stimulus size. 
Total Number of Responses 
The third measure used to evaluate response strength 
to the test stimulus is the total number of responses made 
during the twenty test trials. The means and standard devia• 
tions are shown in Table IX. The means are plotted in Fig. 4.5 
The ascending gradient in Fig. 4 is negatively accelerated, 
unlike the steep ascending gradients in Figs. 2 and 3; the 
descending gradient shows the reversal that also characterizes 
the descending gradients in Figs. 2 and 3. An analysis of 
variance showed that the differences among the points on the 
curves were not significant either for the ascending gradient 
5Scores for individual Ss are shown in Table C of the 
Appendix. 
TABLE IX 
The Mean and Standard Deviation of the Total Number 
of Responses in the Test Extinction Series 
of Trials 
Group N Mean • 
20-20 8 6. 75 4.10 
20-40 8 9.50 6.14 
20-79 9 10.33 4.27 
79-79 10 7.40 3.98 
79-40 10 9.10 6.37 
79-20 9 6.67 3.81 
40-40 10 7.90 4.63 
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37. 
(F = 1.34, df = 2 and 22, p > .05), or for the descending 
gradient (F < 1). 
As Table X shows, on the average the animals in all 
groups were responding within the 60-sec. time limit on most 
of the extinction training trials. An analysis of variance 
showed that differences among the groups were not significant 
. 2 
either for the animals trained on the 20-cm stimulus (F < 1) 
or for the animals trained on the 79-cm2 stimulus (F = 1.095,, 
df = 2 and 26, p > .o5). An analysis of the test performance 
of Groups 20-20- 40-40, and 79-79 provides evidence that there 
were no differential effects of stimulus size per se during 
the test series (F < 1). 
Since neither the test results nor the control results 
show significant differences among the groups, these data do 
not provide statistical evidence for generalization effects 
when the total number of responses is used as the measure of 
response strength. 
TABLE X 
The Mean and Standard Deviation of the Total Number 
of Responses in the Extinction Training Series 
Group 
20-20 
20-40 
20-79 
79-79 
79-40 
79-20 
N 
8 
8 
9 
10 
10 
9 
10 
of Trials 
Mean 
8. 75 
9.25 
9.22 
9.10 
8.50 
8.11 
8.90 
j 
1.49 
1.39 
0.83 
1.10 
1.29 
38 .. 
CHAPTER IV 
DISCUSSION 
A striking feature of the generalization gradients of 
extinction obtained here is their asymmetry; for the two 
measures of response strength based on the early trials of 
the test extinction series, i.e., latency and number of re-
sponses in 60 sec., the ascending gradient is steep and 
nearly linear, while the descending gradient is relatively 
flat, with the highest value at the mid-point of the stimu-
lus series. The rise in the ascending gradient is statis-
tically significant for both of these measures; the rise in 
the descending gradient is statistically significant only 
for the second of these measures, and only for the segment 
of the curve between the training stimulus and the next ad-
jacent stimulus. 
Asymmetrical gradients of excitation are commonly 
1 found when intensity is varied, as in studies by Hovland, 
Brown, 2 Grice and Saltz,3 and Heyman.4 In the Hovland, 
lc. I. Hovland, The generalization of conditioned re-
sponses: II. The sensory generalization of conditioned re-
sponses with varying intensities of tone, J. genet. Psychol., 
1937, 51, 279-291. 
2J. s. Brown, The generalization of approach responses 
as a function of stimulus intensity and strength of motiva-
tion, J. comp. Psychol., 1942, 33, 209·226. 
3R. G. Grice and E. Saltz, The generalization of an 
instrumental response to stimuli varying in the size dimen-
sion, J. exp. Psychol., 1950, 40, 702-708. 
4W. Heyman, Certain relationships between stimulus 
Brown, and Heyman studies the gradients of generalization 
from a weak training stimulus to stronger test stimuli were 
shallow relative to the gradient extending from strong to 
weaker stimuli; in the Hovland study, the gradient to 
stronger stimuli actually sloped upward slightly. If one 
assumes the operation in these experiments of a stimulus in• 
tensity factor such as Hull's5 Stimulus Intensity Dynamism, 
it would have the opposite effect on gradients of extinction; 
i.e., it would tend to flatten the descending gradient rela• 
tive to the ascending gradient, or reverse its direction, if 
the intensity factor were greater than the generalization 
factor. The results of the present experiment, then, would 
tend to confirm the operation of such an intensity factor. 
Circle size, however, is not a simple intensity continuum; 
variations in spatial relations in the runway could also af-
feet the symmetry of the gradients. A smaller stimulus 
circle leaves more surrounding space in which the animal 
may respond; this factor would operate in the same direction 
as a stimulus intensity dynamism factor and tend to increase 
the asymmetry of the gradients. 
The analysis of the control data indicated that 
intensity and stimulus generalization, J. exp. Psychol., 
1957, 53, 239-248. 
5Hull, Stimulus intensity dynamism (V) and stimulus 
generalization, op. cit. 
differential effects of stimulus size did not occur either 
at the end of reinforcement training or at the end of ex-
tinction training; nor did they appear in the test data when 
groups given extinction training and test on the same stimu-
lus were compared. Such effects are apparent only in the 
asymmetry of the generalization data. This observation is 
in line with the results of Heyman•s6 study of stimulus gen-
eralization gradients of acquisition along an intensity di-
mension; the ascending gradient was flatter than the descend• 
ing gradient and differed from it in curvature, but stimulus 
intensity appeared to have no systematic direct effect on re-
sponse strength. 
Kling's7 gradients of extinction along a circle size 
dimension showed some asymmetry also; as in the present study. 
there was a reversal of direction in the descending gradient 
which was not statistically significant. However, his gradi-
ents appeared to be much more nearly symmetrical than those 
obtained in the present study, and the over-all change in rew 
sponse strength was significant for both the ascending and the 
descending gradient. It is possible that this difference be-
tween his results and the present results is due at least in 
part to Kling's introduction of rewarded trials to a black 
6Heyman, op. cit. 
7Kling, op. cit. 
square during extinction training. If, as was suggested 
above in the Introduction, this procedure functioned as a 
form of intensity discrimination training, it would have the 
effect of strengthening the response to small circles relative 
to the response to large circles, thus flattening the ascend• 
ing gradient (which is relatively steep in the present study) 
and steepening the descending gradient (which is relatively 
flat in the present study). It is not clear, however, why 
the present study should differ so markedly from Thompson•s 8 
study with respect to the symmetry of the gradients. Thomp-
son obtained symmetrical gradients. In his study each animal 
was tested on all of the test stimuli; this difference in 
procedure might affect the shape, but hardly the symmetry, of 
the gradients. 
The flattening of the ascending gradient when the total 
number of responses in the test extinction series is used as 
the measure of response strength, and the fact that neither 
gradient shows significant differences among the test points, 
indicates that the generalization effects are fleeting or at 
least are overshadowed by the effects of prolonged extinction. 
These results are in contrast to the results of the generali-
zation of excitation study by Grice and Saltz, 9 who obtained 
8 Thompson, op. cit. 
9 Grice and Saltz, op. cit. 
clear-cut gradients in both directions, using the number of 
responses during the test extinction series of 25 trials as 
the measure of response strength. Margolius 10 also obtained 
significant acquisition gradients along a descending circle-
size series, using the total number of responses in 30 test 
extinction trials as a response measure; these gradients 
were not as steep or as regular, however, as gradients uti-
lizing measures of response strength based on the first few 
trials in the test series. 
It should be noted that studies of extinction gradients, 
as opposed to acquisition gradients, present special procedural 
problems. While it seemed desirable to avoid rewarded trials 
and hence discrimination training during extinction training6 
the straight extinction procedure utilized in the present ex-
periment did undoubtedly result in some loss of statistical 
information. In the first place, a number of animals had 
ceased to respond within the time limit at the end of extinc• 
tion training, and in the second place, the variability of 
behavior within the groups was probably increased by the long 
extinction series, without any reinforcement to stabilize 
running behavior. 
10G. Margolius, Stimulus generalization of an instru-
mental response as a function of the number of reinforced 
trials, J. exp. Psychol., 1955, 49, 105·111. 
44-
A broader procedural problem is discussed by Honig~1 
who argues that gradients of extinction as ordinarily ob-
tained are not comparable with gradients of acquisition be-
cause the extinction gradients involve training on the whole 
range of stimuli to be used in the test, while gradients of 
acquisition involve training on only one stimulus. The 
study by Honig, et al., 12according to this view, is closer 
to the design of acquisition studies because the Ss were 
given acquisition training on only one value of the stimulus; 
extinction training was given at a different value, and the 
post-extinction generalization gradient was compared with the 
gradient of a control group for which the extinction training 
was omitted. To the present author it would seem that while 
the design used by Honig et al. does afford a useful method 
of studying the properties of the extinction gradient, it is 
not very closely analogous to the typical design for obtain-
ing a gradient of acquisition. At the beginning of the gen-
eralization of acquisition experiment, the S is at approxi-
mately the same level of response strength to all the stimuli 
to be tested; in extinction studies, it is this condition 
that the experimenter is trying to satisfy when he gives ac• 
quisition training on all of the stimuli to be tested before 
11Honig, op. cit. 
12Honig, Thomas, and Guttman, op. cit. 
45. 
attempting to generate a gradient of extinction. There is, 
of course, no way of making the extinction gradient com-
pletely parallel, operationally, to the acquisition gradi-
ent; the former is necessarily a more complex phenomenon. 
·~· 
CHAPTER V 
SUMMARY 
The present study was designed to determine inhibi• 
tory gradients of an instrumental response, with circle-
size as the stimulus dimension. The Ss were 69 albino rats. 
All animals were given equal training in a runway to each 
of three stimuli, consisting of metal disks painted white 
and having areas of 20 cm2 , 40 cm2, and 79 cm2, respectively. 
After the training series of 30 trials, 27 of the animals 
were given 10 extinction trials to the 20-cm2 circle, and 30 
animals, to the 70•cm2 circle. Each animal was then given a 
test-extinction series of 20 trials to one of the three 
stimuli, with approximately equal groups assigned to each 
stimulus. A control group of 12 animals was given both pre-
liminary and test extinction series to the 40•cm2 circle. 
Two gradients, one ascending the stimulus series and 
one descending, were obtained for each of three response 
measures: 1) the median latency for the first three trials 
of the test series; 2) the number of responses in the first 
60 sec. of the test series; and 3) the total number of re-
sponses in the test series. The results of the study are as 
follows: 
1. For the two measures based on the early trials of 
the test series (median latency for the first three 
trials, and number of responses in 60 sec.) the 
ascending gradients were steep and almost linear; 
differences among the points were statistically sig• 
nificant. The descending gradients2were flatter and showe~ a reversal between the 40-cm stimulus and the 
20-cm stimulus. Neither the reversals nor the dif-
ferences between the extreme points on the stimulus 
series were significant; a significant difference be-
tween the first two adjacent points for one of the 
measures, i.e., number of responses in 60 sec., pro-
vided the only statistical evidence for a gradient 
along the descending stimulus series. 
2. When the total number of responses in the test 
series was used as a measure of response strength, the 
ascending gradient was negatively accelerated, while 
the descending gradient showed the reversal that also 
characterized the descending gradients for the other 
measures. Differences among points were not statis-
tically significant for either gradient. 
The gradients were discussed in relation to stimulus 
size, stimulus intensity, and the different methods of 
measuring response strength. Differences between these re-
sults and the results of similar studies were discussed with 
reference to differences in experimental method. 
APPENDIX 
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TABLE A 
The Median Latency in Seconds of the First Three 
Generalization Test Trials, for Each Animal 
GrouE 20-20 GrouE 20-yp Grou12 20-7.9 
Subject Latency Subject Latency Subject Latency 
1 ~ .. 1 6.55 1 4·41 
--2 7.29 2 7.41 2 7.24 
3 19.60 3 6.77 3 7.06 
~ -- 4 2.11 ~ --56.66 5 10.53 
6 
--
6 15.08 6 8.10 
7 ..... 7 18.22 7 3.74 
8 8 
--
8 3.91 
9 
--
9 9 4.93 
Group 79-79 Group 79-40 Group 79-20 
Subject Latency Subject Latency Subject Latency 
1 1 19.10 1 
--2 27.48 2 19.80 2 19.61 
3 
--
3 9.32 3 11.75 
4 11.94 ~ 40.25 ~ --5 8.11 8.75 6.56 
6 39.18 6 5.15 6 
7 27.96 7 3.36 7 
8 42.40 8 29.18 8 30.00 
9 9 
--
9 13.16 
10 52.77 10 
11 
GrouE !J:0-40 GrouE !J:O-!J:O 
Subject Latency Subject Latency 
1 7 
--2 26.73 8 
--3 29.25 9 5.56 
4 9.79 10 21.63 
5 -- 11 --6 1,2 .2_9 12 
--
* A blank indicates that the animal did not respond 
within the 60-sec. time limit. 
TABLE B 
The Number of Responses in the First 60 Seconds of 
Running Time in the Test Extinction Series of 
Trials, for Each Animal 
Grou 
o. of Subject 
Responses 
1 1 1 6 1 
2 4 2 5 2 
3 3 3 4 3 
~ 1 4 4 4 2 5 1 5 
6 0 6 3 6 
7 1 7 2 7 
8 0 8 0 8 
9 1 9 0 9 
79-79 Grou Grou 
No. of Subject Subject 
Responses 
1 0 1 2 1 
2 1 2 3 2 
3 0 3 7 3 
4 3 ~ 2 4 5 5 3 5 
6 1 6 2 6 
7 0 7 6 7 
8 1 8 2 8 
9 0 9 1 9 
10 0 10 1 
11 0 
--- · "Group ~0-40 Group 4o-4o 
Subjecto. of Subject No. of 
Responses Responses 
1 0 7 0 
2 2 8 1 
3 1 9 0 
~ 3 10 2 0 11 0 
6 12 0 
49. 
9 
6 
4 
1 
4 
1 
6 
6 
3 
79-20 
No. of 
Responses 
0 
3 
4 
1 
3 
1 
0 
2 
2 
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TABLE C 
The Total Number of Responses in the Test Extinction 
Series of Trials, for Each Animal 
GrouE 20-20 GrouE 20•yp GrOU;E 20•19 
Subject No. of Subject No. of Subject No. of 
ResEonses ResEonses Res;Eonses 
1 10 1 14 1 19 
2 10 2 15 2 14 
3* 3 13 3 10 
~ 13 ~* 16 ~ 6 6 7 6 1 6 11 6 6 
7 6 7 3 7 11 
8 6 8 3 8 12 
9 2 9 1 9 8 
Group 79 .... 79 Group 79-40 Group 79-20 
Subject No. of Subject No. of Subject No. of 
ResEonses Res:12onses Res;Eonses 
1 9 1 4 1 10 
2 13 2 17 2 5 
3* 7 3 20 3 14 4 4 4 ~ 6 5 13 5 11 7 
6 7 6 3 6 6 
7 7 7 14 7 0 
8 10 8 11 8 7 
9 2 9 3 9 5 
10 4 10 4 
11 2 
Grou 
SubJect No.of Sub No. of 
ResEonses Res:12onses 
1 4 7 8 
2 16 8 3 3* 9 6 
4 13 10 3 
5 8 11 5 
6 13 12* 
* discarded for Score reasons given in Chapter II. 
51. 
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Gradients of extinction were determined for an instru• 
mental response, with circle size as the stimulus dimension. 
The Ss were 69 albino rats. All animals were given equal 
training in a runway to each of three stimuli, consisting of 
metal disks painted white and having areas of 20 cm2 , 40 cm2 , 
and 79 cm2, respectively. After the training series of 30 
trials, 27 animals were given 10 extinction trials to the 
20-om2 circle, and 30 animals, to the 79-om2 circle. Each 
animal was then given a test-extinction series of 20 trials 
to one of the three stimuli, with approximately equal groups 
assigned to each stimulus. A control group of 12 animals 
was given both preliminary and test-extinction series to the 
40-om2 circle. 
Three measures of response strength were used: 1) the 
median latency of the first three trials of the test series; 
2) the number of responses in the first 60 sec. of the test 
series; and 3) the total number of responses in the test 
series. Two gradients, one ascending the stimulus series and 
one descending, were plotted for each of these measures. 
For the first two of the measures, both of which were 
based on the early trials of the test series, the ascending 
gradients were steep and almost linear; differences among the 
points were statistically significant. The descending gradi-
ents were flatter and showed a reversal between the 40-om2 
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stimulus and the 20-cm2 stimulus. Neither the reversals nor 
the differences between the extreme points on the stimulus 
series were significant; however, a significant increase in 
response strength between the first two adjacent points for 
one of the measures, i.e., number of responses in 60 sec., 
provided statistical evidence for a gradient along the de-
scending stimulus series. 
When the total number of responses in the test series 
was used as a measure of response strength, the ascending 
gradient was negatively accelerated, while the descending 
gradient showed the reversal that also characterized the de-
scending gradients for the other measures. Differences 
among points were not statistically significant for either 
gradient. 
The shape and the asymmetry of the gradients were dis-
cussed in relation to stimulus size, stimulus intensity, 
and the different methods of measuring response strength. 
Differences between these results and the results of similar 
studies were discussed with reference to differences in ex-
perimental method. 
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